Somatic embryos were produced using aseptic seedlings of wild Cyclamen species. The seeds gum was used for culture of aseptic seedlings.
Introduction
The genus Cyclamen consists of 20 species1).
Cycla- Co. Ltd., Japan) was filter-sterilized through Steradded to autoclaved media. The explants were inoculated on 20 ml of solid medium in a 50 ml UM sample bottle (Hakuyou Glass, Tokyo) and incubated no aseptic seedlings with leaves were obtained. Consequently, the aseptic seedlings of only 14 species were used for tissue culture (Table 1 ) .
Callus induction
In C. cyprium, C. libanoticum and C. parviflorum, the explants turned brown and withered on the medium, and no calli formed at all. In 11 species, the explants Table 4 Somatic embryogenesis of Cyclamen species from petiole callus at 80 days after transferring began to form calli at 15 days after the inoculation.
The type of callus differed with the species (Table 2, 3) . The calli were colored either yellow, white, or transparent and shaped friable or compact.
The frequency of formation also varied with the species. In many species, more calli formed from petioles than leaves on each medium (Table 2, 3 ) . The tendency for callus induction using aseptic seedlings was generally the same as in the case of mature plants21).
Petioles should be available as an explant resource.
Some species formed a callus only with a specific medium or explant. Calli of C. coum and C. mirabile were obtained only on the modified MS medium.
The formation of roots was also observed. The calli that formed roots were considered organogenic.
Therefore, they were not used to induce somatic embryogenesis. The frequency of available calli which did not form roots is described in parentheses in Table   2 These results indicated that the response to the conditions of induction differed among the species.
Somatic embryogenesis
When calli were transferred to the hormone-free medium, somatic embryogenesis was induced in C.
africanum, C. cilicium, C. persicum, C. rohlfsianum and C. trochopteranthum, and shoot formation was observed in C. africanum and C. hederifolium var.
album (Table 4 , 5) .
The type of embryogenesis varied among the species. In C. persicum, yellow and compact calli formed friable calli. Somatic embryos of C. persicum were obtained only on the modified MS medium at 30 days after transfer. Thus it seems that the secondary callus probably develops into the embryogenic callus.
In C. cilicium, leaf callus inoculated on the modified MS medium formed somatic embryos at 3 days after transfer to the hormone-free medium (Fig. 1 A) .
A few somatic embryos of C. rohlfsianum were obtained from the LS medium at 161 days after transferring.
Most of the calli in C. rohlfsianum formed adventitious roots.
C. trochopteranthum produced many somatic embryos from both explant resources on all media (Fig. 1 B, G) .
In C. africanum, both embryos and shoots were obtained from yellow compact calli (Fig. 1C) . Some embryogenic calli in this species also formed adventitious shoots and roots. The shoots and roots were evidently connected with the callus, and could not be separated by forceps (Fig. ID) . We speculate that several cell types are mixed within the callus. Consequently, embryogenesis and organogenesis occur via the morphogenic pathways described by Wicart et al.
(1984)24).
The type of embryogenic callus used in this experiment was friable, the same as that described by Otani and Shimada (1991)6). Friable calli turned black and more friable, and produced white global embryoids on their surface. The embryos that developed in both solid and liquid media were separated easily by forceps, and had no vascular connection with the callus (Fig. 1G ) . This observation was the same as that made in mature plants21). The embryoids grew into bipolar plantlets (Fig. 1 I, J) , therefore, they were considered to be somatic embryos.
Shoot formed from the petiole callus in C. africanum and C. hederifolium var. album when transferred to the hormone-free medium (Table 4) . Yellow compact calli derived from petioles formed shoots in C.
hederifolium var. album. Shoots emerged in both static and liquid modified MS media. They were connected with the callus (Fig. 1 E, F) . Shoots were also observed to form from the yellow compact callus of C. africanum.
C. africanum and C. trochopteranthum showed somatic embryogenesis regardless of the type of medium or explant. We guess that the difference in embryogenic potential among species is due to a specific character, that is the response to the internal hormone balance of the explant tissue and to the hormones in the medium. In addition, the induction of shoots can be useful for Cyclamen species which are difficult to propagate by somatic embryogenesis. We investigated the embryogenic potential of wild Cyclamen species and eventually succeeded in obtaining somatic embryos for 5 species. The embryos and shoots are developed into plantlets ( Fig. 1 H, I , J) .
The success has provided valuable insight into the propagation of genetic resources in vitro and a clue as to the mechanisms of somatic embryogenesis in wild Cyclamen species or interspecific hybrids.
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